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STRESS SHIFT AND METRICAL The first argument for metrical structure (in the sense of Lib- 
STRUCTURE erman (1975) and Liberman and Prince (1977)) from a language 
Hamza Qublan Al-Mozainy, other than English and the first argument hat supports metrical 
King Saud University, structure for its dynamic role in the phonological derivation 
Riyadh appears in Prince's (1975) seminal work on the phonology of 
Robert Bley-Vroman, Tiberian Hebrew. Prince argues that penultimate stress in near- 
University of Texas, Austin underlying /kaataibuu/ is shifted rightward under vowel reduc- 
John J. McCarthy, tion to yield /kaat3bfiu/ (which ultimately surfaces as kaWf3a). 
University of Texas, Austin Prince's metrical interpretation of this observation is that vowel 
reduction to schwa forces a concomitant relabeling of a right- 
branching metrical tree, automatically shifting stress rightward: 
wsw - w w s 
kaa tabu kaat3buu 
If vowel reduction entails relabeling, then the metrical structure 
assigned by the Hebrew stress rule predicts the direction of 
stress shift-the stress moves to the sister node of the metrical 
tree. As Prince points out, a representation of stress without 
the elaborated structure provided by trees would make no such 
prediction. 1 
Phenomena of this sort have emerged lately as a means of 
comparing arboreal metrical theories (like that above) and grid- 
based metrical theories, which posit prominence relations with- 
out associated hierarchical structure. Here we will present what 
McCarthy's research was supported by the National Science Foun- 
dation under grant number BNS-8121002. 
' Prince (1975) also observes that phenomena of grammatically 
controlled stress shift provide further support for the metrical concep- 
tion of stress shift in Tiberian Hebrew. McCarthy (1979b), discussing 
the full range of stress shift rules in Tiberian Hebrew, concludes that 
they require direct reference to metrical foot structure. Rappaport (1984) 
reaches a conclusion similar to that of Prince, making an explicit com- 
parison between arboreal and grid metrical theories. 
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we believe to be an unimpeachable case of stress shift under 
vowel deletion where the direction of shift is governed by ar- 
boreal metrical structure. The data come from the language of 
the first author, a Bedouin Arabic dialect spoken in the Hijaz, 
Saudi Arabia. A comprehensive account of the major phono- 
logical processes in this dialect, which we will refer to as Bed- 
ouin Hijazi Arabic or BHA, appears in Al-Mozainy (1981), 
where the stress shift and its arboreal metrical interpretation 
were first noted. Our argument is in some ways complementary 
to that constructed by Kenstowicz (1983), who treats stress shift 
under vowel deletion with respect to the totally different stress 
system of a Bedouin dialect spoken in the Negev. 
BHA shares with all other Bedouin Arabic dialects a rule 
deleting short a in an open syllable if the following syllable is 
also open and contains short a. This rule is formulated in Al- 
Mozainy (1981) essentially as follows: 
(2) Low Vowel Deletion 
a -0/ C [Cal, 
This rule is responsible for the following alternations, chosen 
from several different morphological patterns: 
(3) a. sahab shabat 
'he pulled' 'she pulled' 
sahabna shabaw 
we pulled' 'they (m.) pulled' 
shaban 
'they (f.) pulled' 
b. n'axal nx'alah 
'palm trees' 'a palm tree' 
gyalai gylaWah 
'castles' 'a castle' 
salag sligah 
'hunting dogs' 'a hunting dog'2 
c. yanam ynimi 
'sheep' 'my sheep' 
As is apparent from the data in (3), the effects of Low Vowel 
Deletion are distributed widely through the language and are 
not tied to any particular morphological configuration. The 
structural description of the rule can be met, as in (3a), by in- 
flectional suffixation to the perfective verb. It can also be met 
by formation of so-called nomina unitatis from collective nouns 
by addition of the feminine suffix -ah and by suffixation of pro- 
nominal enclitics like -i 'my'. Although this rule is not surface 
true (subsequent processes create configurations of the sort that 
Low Vowel Deletion eliminates), it does appear to be excep- 
2 The raising of a to i in this and the following example is the result 
of a separate process discussed in Al-Mozainy (1981). 
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tionless in its scope of application. We must therefore conclude 
that it is authentically phonological.3 
Stress is assigned in BHA by the usual Eastern Arabic 
Stress Rule (McCarthy (1979a; 1980)), a slight variant of the 
familiar Romance Stress Rule. Stress falls on a superheavy ul- 
tima (CVVC or CVCC); lacking one, it falls on a heavy penult 
(CVV or CVC); lacking both, it falls on the antepenult. Ex- 
amples appear in (4): 
(4) a. maktuiub 'written' 
8arabt 'I hit' 
b. maktuufah 'tied (f. s.)' 
gaabfilna 'meet us (m. s.)' 
c. maalana 'our property' 
yasribin 'they (f.) drink' 
As expected, disyllabic words retract stress as far as they can 
consistent with their length and distribution of syllable weight. 
The question at issue concerns the interaction of Stress 
Assignment and Low Vowel Deletion. The forms in (3) are con- 
sistent with ordering Low Vowel Deletion before Stress As- 
signment, so that, for example, underlying /sahabaw/ could first 
lose the vowel in the antepenult and then receive stress on the 
penult, yielding shabaw. There are, however, a number of coun- 
terexamples to this conjecture in longer words: 
(5) ?inkisar ?inksarat 
'he got broken' 'she got broken' 
?inti8ar ?int8aran 
'he waited' 'they (f.) waited' 
?iftikar ?iftkdraw 
'he remembered' 'they (m.) remembered' 
'ixtibar ?ixtbdraw 
'he took an exam' 'they (m.) took an exam' 
The penultimate syllable of the forms on the left has underlying 
a, which is raised in an open syllable (depending on the adjacent 
consonantism) by an independently motivated rule of BHA (cf. 
footnote 2 and Al-Mozainy (1981)). Thus, the underlying rep- 
resentations are Pinkasar/ and so on, with Low Vowel Deletion 
applying in the forms on the right. 
Although the forms on the left in (5) are stressed in ac- 
cordance with the usual pattern, those on the right are, at least 
on the surface, in violation of it. If, as we first conjectured, 
Low Vowel Deletion precedes stress assignment, then the 
forms on the right cannot be derived; we would expect * 2nk- 
3 Al-Mozainy (1981) argues that there is another rule deleting a 
that is not purely phonological and that has a quite different environ- 
ment. This rule deletes the vowel of the feminine singular suffix -at 
before a vowel: hIrmti 'my wife' from underlying /hurm+at+i/ (cf. 
hIurmah 'woman'). 
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sarat and so on.4 It must instead be the case that stress is as- 
signed and subsequently Low Vowel Deletion applies, forcing 
a rightward shift of stress when the stressed vowel is deleted 
as in (5). 
An additional example of stress shift under vowel deletion 
also occurs in this language. In BHA, as well as in some other 
Bedouin dialects both in Saudi Arabia and elsewhere, a se- 
quence of a short low vowel followed by a uvular, pharyngeal, 
or laryngeal consonant (therefore also [+ low]) undergoes 
metathesis in a closed nonfinal syllable, according to the rule 
in (6): 
(6) Metathesis 
+ 1 rsyll1 - syll] 
+low +low 
1 2 3 02 1 3 
This rule is supported by the following data from the imper- 
fective verb. In (7a) we see the normal CVCCV(C) canonical 
pattern of the underived imperfective; only when the second 
consonant is [+ low], as in (7b), do we find the CCVCV(C) 
pattern that results from metathesis: 
(7) a. y'aktib b. y-yazi 
'he writes' 'he raids' 
yasrab yhaikum 
'he drinks' 'he rules' 
ta'ktib t7 arif 
'you (m. s.) write' 'she knows' 
nasbah nxatuf 
'we swim' 'we snatch' 
The CVCCVC canonical pattern is the underlying case in both 
types, so that, for example, /yayzi/ underlies the surface form 
yyazi. 
Of course, these data are compatible with either order of 
Stress Assignment and Metathesis, but longer words show that 
stress is applied first and then shifted after the application of 
Metathesis. In the so-called tenth form of the verb, the usual 
' Abboud (1979) has suggested that stress retraction is blocked by 
a sequence of three consonants. Apart from the inherent implausibility 
of this suggestion, which is unprecedented in the by now quite com- 
prehensive literature on the relationship between syllable weight and 
stress, it is false empirically. Al-Mozainy (1981) shows that stress re- 
tracts over three consonants in other circumstances, where a different 
syncope rule has applied: ydktbin 'they (f.) write'; ydktbih 'he writes it 
(m.s.)'. 
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surface canonical pattern is CVCCVCCVC: 
(8) ?istaslam 'he surrendered' 
?istafham 'he inquired' 
?istaigdam 'it became old' 
But when the first consonant in the root is a laryngeal, pha- 
ryngeal, or uvular, we find that Metathesis yields a surface form 
that is opaque with respect to Stress Assignment: 
(9) /2istaTzam/ - ?ist7azam 
'he accepted an invitation' 
/2ista,yfar/ -* ?ist-ydfar 
'he asked Allah for forgiveness' 
If these forms were stressed after the application of Metathesis, 
we would expect stress to fall on the initial syllable rather than 
the penult. We conclude, then, that the deletion component of 
the Metathesis rule induces exactly the same sort of rightward 
stress shift as Low Vowel Deletion.5 
Metrical theory with hierarchical tree structure provides a 
general account of these two cases of rightward stress shift, 
relating the direction of shift to the form of the stress rule itself. 
The tree-structure or arboreal interpretation of a stress rule of 
the BHA type is uncontroversial in metrical theory: a left- 
branching metrical foot includes the stressed syllable and any 
syllables that follow it (Prince (1976), McCarthy (1979a; 1980), 
Hayes (1980)). Since differences among the proposals for de- 
riving a foot of this sort are irrelevant to our point here, we will 
adopt a formulation in the style of Hayes (1980) without ar- 
gument or discussion. The algorithm for stress assignment pro- 
ceeds as follows: 
(10) Stress Assignment 
On the rhyme projection 
a. A word-final rhyme is extrametrical. 
b. Construct a binary, left-dominant foot from right 
to left. 
c. Construct a right-dominant word-level tree. 
5 A possible reanalysis of the phenomena underlying Metathesis ts 
suggested by some observations from Tiberian Hebrew phonology. In 
Hebrew, syllable-final pharyngeal and laryngeal consonants trigger in- 
sertion of a following very short a (Prince (1975), McCarthy (1979b)): 
/yaSmod/-- ya'dmo 6 'he stands'. If we suppose, as does Abboud (1979) 
for a Najdi dialect, that such a rule applies in BHA, we can then appeal 
to Low Vowel Deletion to complete the derivation: /yayzi/ -l yayazi 
-- yyazi. This would then reduce the two distinct cases of stress shift 
under deletion to one, while demonstrating the very general applicability 
of Low Vowel Deletion. It does, however, lead to a number of rule 
ordering difficulties discussed in Al-Mozainy (1981, 171ff.) that have not 
yet been resolved. 
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Heavy syllables are assumed to project as branching rhymes, 
light syllables as nonbranching rhymes, and superheavy sylla- 
bles as the sequence branching-nonbranching (McCarthy 
(1979a)). By convention, the extrametrical final rhyme is ad- 
joined as a weak sister to the immediately preceding foot. 
The ultimate result of these operations appears in (11): 
(11) 
Word w/s ws 
Foot sw \ F sr ww 
bara\b(t) gaabil(na) ya ri(bin) 
These metrical feet force the direction of stress shift after 
a stressed vowel is deleted. Stress Assignment is stipulated to 
precede Low Vowel Deletion, and Low Vowel Deletion may, 
as in the examples in (5), delete the stressed vowel with con- 
sequent restructuring of the metrical tree. The partial derivation 
proceeds as in (12): 
(12) 
Word w s w s 
Foot s / w - w 
?inkasa(rat) 2inksa(rat) 
Deletion of the antepenultimate a induces pruning of the metri- 
cal tree, with the result that stress shifts to the right. The some- 
what unexpected surface stress pattern of BHA thus follows as 
an automatic consequence of the system rather than as an ar- 
bitrary property of the grammar. Forms with Low Vowel Dele- 
tion like those in (3) show this stress shift as well, but we cannot 
prove that because their transparent surface stress means that 
they are consistent with the opposite ordering of the rules as 
well. This account, of course, generalizes in a natural way to 
the deletion component of Metathesis as well.6 
6 Al-Mozainy (1981) argues that the rule of Low Vowel Deletion 
is sensitive to morphological structure in a way typical of cyclic rules, 
a result that may have interesting consequences for the analysis. When 
a form like ?int&drat receives the third masculine singular object enclitic 
-ih, it surfaces as Pint8frtih, with deletion of a from the third feminine 
singular agreement suffix -at by the rule discussed in footnote 3. The 
underlying form, considered noncyclically, actually displays two pos- 
sible sites for Low Vowel Deletion, though only the first actually under- 
goes the rule: Pintabaratih/-- ?int8 rtih. The problem is to select which 
a will delete. Because Low Vowel Deletion applies to a in an open 
syllable followed by a in an open syllable, we cannot order the rule in 
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A more general result Qf this analysis is its implications for 
the proper representation of stress. A lively and productive de- 
bate is occurring at present over the relative merits of metrical 
theories positing trees (or properly trees and grids) (Prince 
(1976), Liberman and Prince (1977), Selkirk (1980), Hayes 
(1980; 1982; 1984)) and those positing the more impoverished 
grid structures only (Prince (1983), Selkirk (1984)). It appears 
that grid theory does not make the desired prediction for the 
BHA facts. To see this, we should consider how Stress As- 
signment (10) is translated into grid theory. 
In a grid-based analysis of BHA stress, the assignment of 
syllable weight and extrametricality remains the same but there 
are differences in the procedure for distributing relative promi- 
nence. Specifically, the rule is stated as follows (cf. similar rules 
in Prince (1983)): 
(13) Stress Assignment (Grid) 
On the rhyme projection, where each element of a 
rhyme counts as a mora 
a. The word-final rhyme is extrametrical. 
b. Apply the perfect grid from right to left, trough 
first, mapping one grid position onto each mora. 
c. The last peak receives an extra x. 
This procedure gives the following grid for the underlying form 
/?inkasarat/, where extrametricality is indicated by parentheses: 
(14) x 
x x 
xx x x 
? i nkasa (rat) 
Under the assumption that deletion of a vowel induces deletion 
of its accompanying grid elements, the predicted direction of 
stress shift is incorrectly leftward, to the next most prominent 
syllable 2in. Under different assumptions about deletion or 
about stress assignment itself (for example, that the grid ele- 
ments persist after deletion of the vowel), the grid theory makes 
no prediction about the direction of stress shift. An analysis 
cast in terms of this theory would therefore need to stipulate 
the effect of Low Vowel Deletion on the position of stress. 
Halle (1982) has adduced a case of essentially the same 
footnote 3 before Low Vowel Deletion and achieve the desired result; 
the hypothetical intermediate form Pintabartih/ would permit deletion 
of neither of the italicized a's. We could, of course, rather unenlight- 
eningly stipulate that Low Vowel Deletion is left-to-right iterative, 
which would have the right effect, but a far more interesting solution 
is to consider Low Vowel Deletion to be cyclic. It would then first apply 
to delete the indicated a in /?inta8arat/, but on the next cycle, with 
suffixation of -ih, it would be blocked from applying by the general 
prohibition in this language against clusters of four consonants. 
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character as further evidence for the arboreal nature of metrical 
structure. This analysis, based on work by Archangeli (Bennett 
(1981)), involves apparent accent shifts in Tokyo Japanese 
under vowel devoicing. Prince (1983, 95) observes that there 
are several clear tonological accounts of the same facts, all in- 
volving the independently necessary persistence of autoseg- 
mental tones under deletion. A similar point can be made about 
another example of the same type, the shift of accent in Russian 
under the deletion of jers (Halle (1973)). In view of the lack of 
other substantial confirmation for the use of arboreal metrical 
structure in pitch-accent systems and the explanatory success 
of the tonological alternatives, it appears that autosegmental 
and not arboreal interpretations hould be favored for the Japa- 
nese and Slavic cases. 
The tonological solution cannot be generalized to the BHA 
case, however. A system distributing relative prominence in the 
way BHA does is uncontroversially incompatible with a tono- 
logical reinterpretation along the lines described for Tokyo Japa- 
nese and Russian. Apart from the wide agreement among spe- 
cialists that Arabic dialects have a system of prominence based 
on dynamic stress rather than pitch accent, it would be sur- 
prising and unprecedented to find pitch accent distributed by 
what amounts to the Romance Stress Rule. 
Given that BHA has arboreal stress shift under vowel dele- 
tion, we might wonder why such phenomena are not encoun- 
tered more often in the Arabic dialects, where syncope rules 
and similar rules of stress assignment abound. For example, no 
such phenomenon is reported in the detailed studies of Egyptian 
Arabic phonology by Broselow (1976) and Welden (1977) or of 
Palestinian Arabic by Younes (1982). The difference is that most 
syncope rules explicitly eschew deletion of stressed vowels or 
precede the assignment of stress and thus could not show stress 
shift. Characteristically, these syncope rules display a hierarchy 
of the vowels they delete, in some cases deleting only the less 
sonorous high vowels, in others deleting all vowels, in all cases 
only when unstressed. In other words, these syncope rules de- 
lete vowels that are less prominent by virtue of their lack of 
stress and, in some cases, their relatively lesser sonority. The 
BHA rule of Low Vowel Deletion is clearly of a much different 
type; it deletes only the most sonorous low vowel and then only 
when a low vowel follows in an open syllable. It is not governed 
solely by phonotactic considerations (conspiracies), but rather 
it appears to function as a fairly abstract kind of dissimilation, 
eliminating an underlying configuration of two successive iden- 
tical nuclei by deleting the first of them. This typological dis- 
tinction seems to underlie the differences cited, an observation 
that is confirmed by the fact that the reflex of Low Vowel Dele- 
tion in the Negev Bedouin dialect analyzed by Kenstowicz 
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(1983) also induces stress shift, though on the output of a com- 
pletely different stress rule. 
In sum, we have shown that two rules of BHA phonology 
that delete vowels induce rightward stress shift within the arbo- 
real metrical foot. It is worth considering the status of this ar- 
gument, which apparently favors the arboreal over the grid the- 
ory. The arboreal theory makes the correct prediction because 
it incorporates a mild sort of globality into the representational 
system-stress shifts rightward because that is, in effect, the 
direction from which the stress was assigned, within the same 
foot. Grid theory, by disallowing this sort of structure, is also 
prohibited from transmitting to subsequent rules this informa- 
tion about how stress was assigned. In a sense, then, our dem- 
onstration of an apparent inadequacy of grid theory is unsatis- 
fying. In effect, we have shown that the conceptually more 
impoverished and universally more restrictive grid theory is in- 
capable of performing something within the scope of the con- 
siderably richer arboreal theory. If such phenomena are com- 
mon, though this does not appear to be true given the propensity 
of the cases for tonological or other reanalysis, then of course 
arboreal theory is clearly superior. As it stands, then, our result 
emerges as a possible direction for research rather than a com- 
pletely convincing demonstration of superiority. 
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EXTRAMETRICALITY AND STRESS Metrical theory attempts to account for the range of possible 
IN POLISH stress systems within a highly constrained framework. Current 
Steven Franks, research in metrical theory is directed toward demonstrating 
Cornell University how its restrictive structure, necessitated by the demands of 
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